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(57) Abstract 

The present invention relates to a multi-layered sleeve for encompassing an expandable device to be inUoduced into a body 
canal, such as a blood vessel for example. More particularly, the present invention relates to a therapeutic agent-releasing 
multi-layered sleeve (1. 2) for encompassing an expandable device (3), such as a stent, to be introduced into a body canal, such 
as a blood vessel for example. Hence, the present invention is primarily applicable to the treatment of disorders of body canals 
compnsing a canal wail and a lumen through which a body fluid flows. Examples of such body canals are the oesophagus the 
urethra, and the coronary and peripheral blood vessels. . 

(57) Abr6g6 

La pr^sente invention concerne un manchon multicouche destin6 a envelopper un dispositif expansible devant etre introduit dans 
un canal du corps, tel qu'un vaisseau sanguin par exemple. Plus particufi^rement la presente invention concerne un manchon (1 2) 
multjcouche de liberation d'agents therapeutiques destine a envelopper un dispositif (3) expansible tel qu^une proth6se 
endovasculaire devant etre introduit dans un canal du corps, tel qu*un vaisseau sanguin par exemple. Ainsi, la presente invention 
peut etre d'abord appliquee au traitement de troubles dans des canaux du corps comprenant une parol de canal et une lumiere par 
tequefle s'ecoule un fluide corporel. L'oesophage, furdtre. et les vaisseaux sanguins coronaires et p^ph^riques constituent 
des exemples de ces canaux du corps. 
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MULTI-LAYERED SLEEVE FOR INTRAVASCULAR EXPANDABLE DEVICE 



The present invention relates to a multi-layered sleeve for 
5 encompassing an expandable device to be introduced into a body canal, 
such as a blood vessel for example and to a method of manufacturing such 
a sleeve. 

. More particularly, the present invention relates to a therapeutic 
agent-releasing multi-layered sleeve for encompassing an expandable 
10 device, such as a stent, to be introduced into a body canal, such as a 
blood vessel for example. 

Hence, the present invention is primarily applicable to the treatment 
of disorders of body canals comprising a canal wall and a lumen through 
which a body fluid flows. Examples of such body canals are the 
15 oesophagus, the urethra, and the coronary and peripheral blood vessels. 

Disorders of body canals, such as coronary arteries for example, are 
generally caused or provoked by the presence, on the inner walls of the 
canal, of deposits which cause strictures or stenoses in said canal. 

The treatment of such disorders generaOy calls for the use of an 
20 inflatable device, such as a dilatation catheter for example, for restoring the 
normal section of flow of the canal at the level of the stenosis. In a certain 
number of cases, the result is further optimised ttvough implantation of an 
expandable device in order to provide support to the vessel wall 

Such expandable devices are well-known in the fieW of medkane for 
25 implantation in bkxxJ vessels, biliary ducts, or indeed other similar organs 
of the living body. They generally faD into two categories : those known as 
self-expandable prostheses, and those which require a forced expansbn 
with the akl of a balloon for example ; both types are commonly known as 
stents in the cardiovascular fiekl. Such expandable devices are used to 
30 maintain, open, or dilate tubular structures or to support tubular structures 

CONFIRHATION COPY 
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that are being anastomosed. 

Although stents have in general shown to be very effective in 
restoring canal patency by virtue of a scaffolding role which counteracts 
the phenomenon of remodelling, the implantation of a stent provokes 
3 substantial vascular injury which in some cases leads to cOnicat symptoms 
and the necessity for medical reintervention. Subacute stent thrombosis 
remains a threat post-stent implantation in spite of inrtprovements in drug - 
regimens applied post-inten/ention. More importantly, the healing response 
of the arterial wall post implantation engenders the pronferation of smooth 
muscle cells and consequently the formation of neointimal hyperplasia 
wNch leads to inner stent-restenosis, a condition for which no satisfactory 
solution has yet been found. 

Methods of inhibiting thrombus formation has been the subject of 
much research and publications in the literature. The object of the majority 
of this research has been into coated stents. 

One of the methods described uses the concept of coating a stent 
with a polymer. Furthennore, the local delivery of therapeutic agentCs) 
using stents has centred around two concepts : 

i) directly coating the stent wires with a therapeutic agent or a 
therapeutic agent-polymer combination (Bailey ef a/.. Circulation, 1990. 82: 
111-541 ; Cavendar ef a/.. Circulation. 1990. 82 :ltl-541) ; and 

ii) incorporating a therapeutic agent Into a stent that was 
constructed not of metal but of a biodegradable polymer (Miffphy et af.. J. 
Invasive Cardiol.. 1991. 3 : 144-148). 

The major advantage of directly coating a device, such as a stent 
wire, with a therapeutic agent or a therapeutic agent-polymer combination 
is the low quantity of therapeutic agent necessary l>ecause the therapeutic 
agent is released dose to.the indwelling device. 

Most efforts were focused upon directly coating the metal stent 
wires with a polymer. This polymer is usually placed directly on the stent 
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(for example by the method disclosed in EP-A-0 797 963, which invoives 
dipping the stent in a solution of a polymer in a solvent, followed then by 
the evaporation of the solvent) or is covalently bound to the metal. The 
polymer is bonded to or contains ah anticoagulant compound. Most coated 
5 stents currently under development use heparin as the active ingredient. 
One of the more effective polymer coated stent is Biogold (van der 
Giessenefaf.. Circulation. 1990. 82:1^542). Biogold and other coated 
stents have not however completely prevented arterial thrombosis. This is. 
probably due to the cracking of the polymer as the stent is expanded 
10 during deployment, saturation of the anticoagulant binding sites on the 
stent, and/or the inadequacy of heparin as an anticoagulant in the 
prevention off arterial thrombosis andtor too small quantities of therapeutic 
agent in comparison wfth the total surface of arteries vrall covered by the 
stent. It is because of these inadequacies associated wfth polymer 
15 coatings directly applied to stent wires that there remains a great need to 
effectively prevent vascular response at the site of the stent 

US 5.383.928 (EMORY UNIVERSITY. United States of America) 
entitled "Stent sheath for local therapeutic agent delivery- discloses a stent 
sheath for local therapeutic agent deliveiy. More specifically, the patent 
20 discloses a sheath for encompassing at least a portion of a stent to locaBy 
deliver a drug to an arterial vrall or kimen irrto wWch tlie stent has been 
inserted, comprising a polymer and a dnig incorporated within the polymer, 
the polymer sheath encompassing at least a portion of the stent and 
having a thickness to allow controlled release of the drug. 
25 The major disadvantage of the sheath according to this prior art 

document resides in the fact that in order to change the therapeutfc agent 
or adapt the therapeutic agent release rate incorporated therein, it is 
necessary to change the entire sheath itself (thfckness. nature of 
polymer(s) etc.). Consequently, the whole mechanfcal properties of the 
30 entire sheath would also be changed. 
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The principal aim of the present invention therefore is to solve the 
technical probtem consisting in providing a sleeve for encompassing an 
expandable device for introduction into a body canal of a patient, said 
sleeve being adaptable in every way to the needs of the patient's canal in 
5 question. 

« More specificaily. in order for said sleeve to be adaptable in eveiy 

way to the needs of the patienf s canal in question, the sleeve, preferably- 
of polymeric nature, would have to meet the foHowing requirements m 
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being : 

(a) bio-compatible. H causing little or no response from the body 



canal in question; 

(b) non-biodegradabte. it being required to remain without dny 
change in its properties in contact with the body canal in question for a 
spedfied amount of time; 
,5 (c) sufficiently elastic to be expandable, when wet with a body fluid 

for example, it being capable of being expanded to the dimensions of the 

body canal in qtiestioiK but, ■ 

(d) sufficiently melaslic so as not to recoil from its expanded state: 

(e) of a sufficient mechanical strength so as it tears neither under 
20 expansion nor in the expanded state; 

(f) of such a chemical nature that it is optionally able not only to be 
either coated or impregnated wHh any therapeutic agent(s) whatsoever in 

« \»ed of which the patienfs body canal in question may be. said therapeutic 

agent(s) being capable of treating either a disorder of a body fluid ftowng 
J5 through the patenfs body canal or a disorder of a body canal wall. or. mom 
^ importantly, both, but furthem,ore of such a chemical nature lhatthe rate of 

release of said therapeutic agent(s) be controlled at a rate pie- 

determinabte according to the needs of the patient's body canal in 

questiort, 

" 30 (g) in the base where the therapeutic agent(s) are impregnated m 
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. the sleeve, the sleeve would have to be of a thickness pre-determinable 
according to the amount of therapeutic agenl(s) it is desired to be released 
i.e. the thicker the sleeve, the more therapeutic agent(s) it may contain and 
release, and, finally, 
5 (h) able to optionally encompass an expandable devfce, a stent for 

example, it being possible for sakJ expandable device to be either 
embedded within said sleeve, or disposed radially and internally with 
respect to sakJ sleeve, according to the needs of the patient. 

The inventors of the present invention have carefully addressed the 
]0 above-mentioned requirements and have been able to provide a solution to 
the present technical problem m the form of a sleeve which is comprised 
not of just a mixture ot polymers, but a system of polymer layers. 

More importantly, the sleeve in accordance with the present 
invention is comprised of a system of polymer layers which are actuaUy 
IS able to adhere together without affecting the elasticity and mechanical 
properties of the sleeve resulting therefrom In any way whatsoever, and 
which thus provides a solutton to the present technical problem in the fonn 
of a sleeve having highly advantageous properties over those of the prior 
art In a totally unexpected way. 
20 Thus, according to a first aspect, the present invention provides a 

sleeve for encompassing an expandable device for introduction into a body 
canal, characterised in that saW sleeve is multi-layered and comprises at 
least one biocompatible, non-biodegradable elastic polymer layer onto 
which one synthetic hydrogel inner layer and/or one synthetic hydrogel 
25 outer layer is bound, said hydrogel inner layer being optionally different 
from said hydrogel outer layer, the nature and thickness of said 
btocompatible. non-biodegradable elastfc layer being such that 
predetermined mechanical properties of saW sleeve be provided. 
According to a second principal aspect, the present inventton 
30 provWes a sleeve for encompassing an expandable device for introduction 



WO0V1844« 



6 



PCT/EP9W07156 



into a body canal, characterised in that sad sleeve is multi-layered and 
comprises at least one biocompatible, norvblodegradable elastic polymer 
layer onto which at least one synthetic therapeutic a9ent(s)-containin9 
hydrogel inner layer and/or at least one synthetic therapeutic 
5 agent{s)-containing hydrogel outer layer is bound, said therapeutic 

agent(sVcontaining hydrogel inner layer being optionally different from sari 
therapeutic agent(s)-containing hydrogel outer layer, the nature arri 
thickness of said biocompatible, non-biodegradable elastic polymer layer 
being such that predetermined mechanical properties of said sleeve be 
.0 provided, and Ihe nature and thickness of said therapeutic 

agent(s)-contain.ng hydrogel inner and outer layers being such that a 
pre-detem^ined rate of release of said therapeutic agent(s) be controlled. 

Advantageously, the mechanical properties of thefKulling sleeve 
are thus governed by the at least one biocompatible, nonbiodegradable 
,5 elasticpolymerlayer.andtheexcellentbhx»mpatibiltyofsaidsleeveare 

conferred thereto by the hydrogel inner and/or outer layers. Moreover, sari 
sleeve. v*en wet with body fluid at ZTC is able to expand accordmg to the 
needs of the patient s body canal, this being wUhoularV unsticking of the 

layers comprising sari sleeve. 
20 NWHhin the context of the present invention the temi: 

•non^odegradable- is understood as meaning a polymer whfch 
does not faO the "environmental stress aacking". or • ESC. ESC has 
been attributed to biochemkal and cellular interacliohs at the surface of tt^ 

implanted material causing polymer chain cleavage. This may result m 
„ surfacefissuringfoUowedbydeepcrackingassociatedwithconsiderable 

bkxtegradation of the polymer, resulting in toss of mechanical strength; 

•btocompattble- is as defined by the US Phamiacopeia and refers to 
a polymer which successfully passes the USP Class V1 plastics testing: 
and 

,0 -hydroger is understood as meaning a material which is hydrophillc 
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in nature and which exhibits the characteristic maCTomoIecular structure of 
a gel. A gel is best described as a continuous three-dirnensional network 
that Is held together by chemical or physical bonds. Sufficient interstrtial 
space exists within the network, and water molecules can become trapped 
5 and immobilised, filling the available free vohime. Gels can be divWed into 
two major categories based on the types of bonds that comprise them. 
These include chemical gels and physical gels. 

Advantageously, the above-mentioned sleeve is characterised in 
that said biocompatible, non-biodegradable elastic polymer layer 
10 comprises a material selected from the group consisting of polyurethane. 
silicone, and latex. The material needs to have a good elasticity thai is an 
elongation of at least 500% {PU tensile sUength 7.500 psi elongation 
500%, latex tensile strength 85 kg/cm* elongation 700%. silicone tensile 
strength 1310. elongation 1000%) and a good flexure resistance in vivo (no 
15 oxidation of the material even if the sleeve is stretched). 

The nature of the hydrogel and the appropriate thickness of a layer 
or film containing same shaB be easily determined by the person skUted in 
the art in taking into consideration the spedfk; nature of the therapeutic 
agent(s) to be released therefrom. 
20 Also advantageously, the above-mentioned sleeve is characterised 

in that said hydrogel outer and inner layers independently comprise at least 
one hydrophiRc polymer selected from the group consisting of 
polyhydroxyethyl methacrylate, polyvinyl ateohol. polyacrylamkJe. 
poly(N-vinylpyrolklone). polyethylene oxkJe. hydrolysed polyacrylonitrile, 
25 polyacrylic acid, polymethacryfic acW. polyethylene amine, alginic acid, 
peclintc add. caiboxy methyl ceUulose, and hyalurorac add. 

Such hydrophilfc polymers are partk:ulariy preferred within the 
context of the present invention because they possess a capacity to act as 
a vehide for the therapeutk: agent(s) useful for treating a body canal, and. 
30 more importantly, because they are able, once mixed with other polymers 
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o, aoss^inked. to retease .he therapeutic agem(s) at a rate whfch is 
p,e-detennin3ble by easy selection of the thickness ol said film or byer. 
and the ratio of therapeutic agent with the hydrogel. 

The nature of the composiBob of the hydrogel and the appropnate 
, .Hic^nessofabyerorfiUnconUNngsarneshaObeeasihrdeterm^^^^^^^ 
pe«on siciUed in the art in taking into consideratK.n the specie nature 

of the therapeutic agent(s) to be released therefrom. 
' Ane^mpleofaparticutartypreferredhydrophlScpclymerthatmay 

be used within the context of the present invention is poly 
,0 (N-vinylpyrolidone).espedally When the biocompatible.,^^ 

biodegradableelasticpolymerlayerismadeofpolyurethane. A 

particularly suitabte mater«l produced under the ^^'^J^^^I^ 
and«madebytheimerac,ionofpo.yV.ny^>yrrondone(^^ 

several isocyanate prepolyinere. 

According to an advantageous embodiment of .he present mvenfon. 
,he abov^ntioned sfeeve is charaCerfeed in that said ^'^^^ 
agenUsHontaining hydrogel inner layer contah. one or more therapeutc 
agertscapable otueating adisorderof a bodyfluid. 

AcLrcfngtoafurtheradvant-geousembodimentofthepresen. 

„ Inven.ion.theabovemenHonedsteeveischaracterisedinthat^^^ 

therapeuficagennsVcontaining hydrogel outer layer contamson^^mom 

tt^rapeutic agents capabte of Ueating a d^order of a body canal wal 
Within the context of the present invention, the termtherapeutK. 

agent- is understood as meaning any compound which has a 

2S phatniacological effect ^ , i. 

ParticulaHyadvanlageously. the above-mentioned sleeve « 

Characterised in that saW therapeutic agent{s) (are) 

Ketone, an ROD pep«de«ntaining compound, hepann. an a,^ 
,0 compo«nd.apla.eletreceptoran.a9onls..anan«.h,omb.nan.b«^^ 
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antl-plaletel receptor antibody, aspirin, a prostaglandin inhibitor, a platelet 
inhibKor, a ticli anti-platelet peptide, or a combinalion thereof ; a promoter 
of vascular cell growth, such as a growth factor stimulator, a growth factor 
receptor antagonist, a transcriptional activator, a translational promoter, or 
5 a combination thereof ; an Inhibitor off vascular cell growth, such as a 

growth factor Inhibitor, a growth factor receptor antagonist, a transcriptional 
repressor, a translational repressor, an antisense DNA, an antisense RNA, 
a replication inhibitor, an inhibitoiy antibody, an antibody directed against 
growth factors, a bifunctional molecule consisting of a growth factor and a 
10 cytotoxin, and a bifunctional molecule consisting of an antibody and a 
cytotoxin. or a combination thereof ; a cholesterol-lowering agent, a 
vasodSating agent, an agent which iiiterferes wrth endogenous vasoactive 
mechanisms, or a combination thereof : or a smooth muscle inhlbrtor. such 
as an agent which modulates intracettular calcium binding proteins, a 
15 receptor blocker for contractile agonists, an inhibitor of the 

sodium/hydrogen antiporter. a protease inhibitor, a nitrovasodHator. a 
phosphodiesterase inhibftor. a phenothiazine, a growth factor receptor 
agonist, an antimitotic agent, an immunosuppresfve agent, a protein kinase 
inhibKor. or a combination thereof ; or a combinatwn thereof. 
20 According to a third principal aspect, the present invention provides 

a system for inUoduction into a body canal, characterised In that it 
comprises ah expandable device and a multi-layered sleeve in accordance 
with the present inventk>n. 

According to an advantageous variant, the present invention 
25 provides a system which is characterised in that said expandable device 
for InUoduction into a body canal is embedded within said biocompatible, 
non-biodegradable elastic polymer layer. 

According to a further advantageous variant, the present invention 
provides a system which is characterised in that said expandable device 
30 for introduction into a body canal is disposed radially and internally with 
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20 

10 



respect lo said hydrogel inner layer. 

According to a particularly advantageous variant, the present 
invention provides a system which is characterised in that said expandable 
device for introduction into a body canal is a stent. 
5 The sleeve length may be of shorter or longer length then the 

expandable device optionaHy encompassed therein, or of course be of the 
same length. 

According to a fourth aspect, the present invention provides a 
system which is characterised in thatais irilended to be imroducedintoa 

body canal comprising a canal wall and a lumen through which a t»ody fh«d 
flows and in that said sleeve comprises a hydrogel inner layer which can 
contain one or more therapeutic agents capable of treating a dfeorder of 
» said body fluid, and a hydrogel outer layer whi* can corrtain one or more 

therapeutic agents capable of treating a disorder of said body canal walL 
,5 According to a fifm aspect a particubrty advantageous method of 

30 rnanufacturing the sleeve of the invention comprises dipping a mandrel 

successively into drfferent solutions in order to build up said layers, sarf 
dipped mandrel being subject to curing inbelween each successive 
dipping. 

20 varlous8liemativemethodsofmanufacturearedescribed.nmore 

, detail below in the Examples. 

The invention will be better understood and other objects, 
characteristics and advantages thereof wBl become more clearly apparent 
from the following explanalonr description referring to the attached 
♦ 25 schematicdrawin8S.wh.charegivensotetybywayofnon-limHing 

examples Hluslrating two prefened embodiments of the invention, and m 



35 



<5 

which 



Figure 1 is a longitudinal schematic view showing a system 
comprising a stent and a muW^yered sleeve according to a first preferred 
,0 embodimertoftheinvemion.lnwhichsaidstert-.sdisposedradlallyand 



55 



wo 00/18446 



11 



FCT/EP99/071S* 



intematty with respect to said mufti-layered sleeve, represented in a body 
canal*. 

Figure 1A is a view in cross section of Figure 1; 

Figure 2 is a longitudinal schematic view, similar to Figure 1. 
5 illustrating a second preferred embodiment of the sleeve according to the 
invenlior>. in which the stent Is embedded within the biocompatible, 
nonbiodegradable elastic polymer inner layer of said sleeve; 

Figure 2A is a view in cross section of Figure 2. 

In all Figures 1 A. 1B. 2A, and 2B. 
10 1 represents the at least one. optionally therapeutic agent(s)- 

containing. hydrogel outer layer of the multi-layered sleeve in accordance 
with the present invention, 

2 represents the at least one biocompatible, non-biodegradable 
elastic polymer layer of the multi-layered sleeve in accordance with the 

15 present invention, 

3 represents the expandable device for introduction into a body 

canal; and 

4 represents at least one, optionally therapeutic agent(s)-containing, 
hydrogel inner layer of the multi-layered sleeve in accordance with the 

20 present invention. 

The multi-layered sleeve is advantageously manufactured by a 
dipping process in which a mandrel is successively dipped in a solution in 
which there are different components, polymers and solvents. This 
successive dipping process builds up the different layers of the sleeve, as 

25 detailed above, and also ensures that, should an expandable device such 
as a stent be incorporated, such a device may. if required, be fully 
embedded in the finished sleeve. Layers which are required to be thicker 
than one dipping can provide are made by multiple dippings of the same 
component untfl the required thickness has been built up. Each dipping 

30 step consists in vertically immersing the mandrel in the different solutions 
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using an automatic soaking machine. The thickness of membrane laid 
down at each dipping step is controlted by the following paramelen.: 
the rate of insertion into the solution: 
ttte line resident m the solution; 
i the rate of withdrawal from the solution; 

the concentration of the solution. 

After each dipping step, the coated mandrel is subject to curing. 
During curing the folkwing phenomena occur: 
Cross-Bnidng of the principal components, 
la Solwentevaporaton. 

tt IS important to ensure that the cross-linking is complete and that 
aUofthesolventhasbeenevaporatedfromthedifferentlayers. Toens^ 
this, the temperature at which the cur«« takes place, and the du«tK«,o^ 
curing.maybecontrolled. At the completion of the p.ocess«g. the sleeve 

15 is removed from the mandrel. 
30 Thefbltowin9examplesgivedetailofthetechnk,uewh.ch« 

followed, it being understood that these are provided as an ilustratlon of 
tf« technique used to prepare the sleeves according to the pres«n 

invention and are In no way intended to Uml. the scope of the lnver,t«a 
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EXAMPLE I: 

PREPAfVMION OF A SLEEVE WITH A HEPAR1N-CONTA1NIN6 
HYDROGEL INNER LAYER 

A 10% solution of polyurethane in N.N-dimelhylacetan™de b 

„ prepared. A1.25mmmandrel.sdipP«l»n*««>'^ "^'"PP^ 
mandrel is cured at 75-C in an oven for 20 minutes. 

The mandrel is dipped again in the solution. The mandrel « cured 
agam at TS'C for 20 minutes. The mandrel is then dipped in the bydropNte 
solution containing the heparin (3% of heparin benzalkonium chtor* 
30 solution*PVI^andlsthencuredat60-Cfor30minutes.Thesheath« 
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reliieved from the mandrel and reversed (I.e. lurned Inside out, or 
transposed). The membrane is inserted onto a translumenal prosthesis 
(stent). 

The translumenal prosthesis is placed onto a 3.5 PTCA catheter and 
5 is inflated at the 3.5 mm diameter. 

The translumenal prostheses are then tested for anti-clotting 
properties in comparison with the translumenal prosthesis without the 
hydrogel inner layer. 

The Inner surfaces were then extracted in human plasfna at 37"C for 
10 7» 10, 21 or 28 days and then tested for anti-clotting properties. The results 
obtained are shown in the Table. 



TABLE 



SAMPLE 


CLOTTING TIME 
(minutes) 


Uncoated sample 


12 


coated sample without 
extraction of plasma 


did not clot 


coated sample with 7 days 
extraction in plasma 


did not dot 


coated sample with 10 days 
extraction in plasma 


did not dot 


coated sample with 21 days 
extraction in plasma 


24 


coated sample with 28 days 
extraction in plasma 


20 



15 

EXAMPLE 2: 

PREPARATION OF A SLEEVE WITH THE SAME HYDROGEL 
INNER AND OUTER LAYERS 

A 7% solution of polyurethane in N.N-dimethytacetamide is 

20 prepared. 

A hydrophific solution is prepared as follows: 
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polyviny!pyrToUdone I g 
10 nitrocellulose 0.12 g 

ethanol 9 ml 

dimethylfonnamide 3.0 ml 
5 ethyl acetate 0.4 ml 

A 1 .25 mm diameter mandrel is dipped in the polyurethane solution. 
The dipped mandrel is cured at 75-C in an oven for 20 minutes. The 
mandrel is dipped again in the polyurethane solution, and cured again at 
20 75-C for 20 minutes. The mandrel Is then dipped again In the hydrophific 

10 solution and cured for 30 minutes at 75'C. 

The sleeve is retrieved from the mandrel, revereed and put again 

onto the mandrel. 

The mandrel is dipped again in the hydrophilic solution and cured for 

30 minutes at 75*C. 
,5 The sleeve is retrieved from the mandrel, cut and inserted onto a 

^ translumenal prosthesis (stent). 

The translumenal prosthesis is placed onto 2-4 PTCA catheter and 

is inflated at the 2-4 nun diameter. 

20 EXAMPl£3: 

PREPARATION OF STENT INCLUDING SLEEVE WITH THE 
SAME HYDROGEL INNER AND OUTER LAYERS (According to Figure 2) 
^ A 10% solution of polyurethane in N.N^imethylacetamide is 

prepared. 

A 1 mm diameter mandrel is dipped in the solution. The dipped 
mandrel is cured at 75-C in an oven for 20 minutes. The mandrel is then 
dipped in the hydrophilic solution (7.5% PVP solution) and is then cured at 
75'C for 30 minutes. 

The sleeve is retrieved from the mandrel, reversed and put back on 
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the mandrel. 
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' The tianslumenal prothesis (stent) is put onto the mandrel and the 
sleeve and is crimped on ji 

The mandrel is dipped again in the polyurethane solution. The 
mandrel is cured again at 75X for iO minutes. 
5 The mandrel is then dipped in the hydrophiBc solution (7.5% PVP 

solution) and is then cured at 76*C for 30 minutes. 

The translumenal prothesis is placed onto 2-4 PTCA catheter and is 
inflated at the 2-4 mm diameter. 

10 EXAMPLE 4: 

PREPARATION OF A SLEEVE WITH HYDROGEL OUTER LAYER 

A 7% solution of polyurethane in N.N-dimethylacetamide is 
prepared. 

A hydrophilic solution is prepared as follows: 
15 polyvinylpyrrolidone 1 g 

nrtrocelhjlase 0.12 g 
ethanol 9 ml • 
dimethylformamide 3.0 ml 
ethyl acetate 0.4 ml 

20 Two mandrels (A and B) of 1 .25 mm in diameter are dipped In the 

polyurethane solution. The dipped mandrels are cured at 75'C in an oven 
for 20. minutes. The mandrels are dipped again in the polyurethane 
solution, and cured again at 75'C for 20 minutes. The mandrel A is then 
dipped in the hydrophittc solution and cured for 30 minutes at 75'C. 

25 The sleeve is retrieved from the mandrels. A tensile test Is done on 

the two wet sleeves at 37*C. The two curves are identical up to 1000% 
elongation. 



WO0Q/IS446 



16 



PCT«P99Ar7l56 



EXAMPLE 5: 

PREPARATION OF A SLEEVE WITH HYDROGEL rNNER AND OUTER 
LAYERS 

A 18% solution of polyurethane in N.N-dlmethylacetamide is 
i prepared. A 2 mm, mandrel is dipped in a first hydrogel solution. 

The dipped mandrel is cured al 70'C in an oven for 60 minutes. 
The mandrel is then dipped in the polyurethane solution, and is then 
cured at 70*C for 60 minutes. The mandrel Is d9)ped m a second 
hydrophllic solution and cured at 70^: for 60 minutes. The first and 
10 second hydrophilic solutions may or may nc^ be the same solution. 

EXAMPLE 6: 

PREPARATION OF A STENT INCLUDING SLEEVE WITH 
HYDROGEL INNER AND OUTER LAYERS (According to Rgure 1) 
15 A 18% solution of polyurethane in N.N-dimethylacetamide is 

prepared. Two hydrogel solutions are prepared as inner and outer layers. 
The translumenal prosthesis (stent) is put onto a 2 mm mandreL 
The mandrel is dipped in a first hydrogel solution. 
The dipped mandrel is cured at 70X in an oven for 60 minutes. 
20 The mandrel is then dipped in the polyurethane solution, and is then 

cured at 70*C for 60 minutes. The mandrel is dipped in a second 
hydrophllic solution and cured at 70*C for 60 minutes. 
The stent sleeve is retrieved from the mandreL 
The translumenal prosthesis is placed onto 2-4 PTCA catheter and 
25 is inflated at the 2-4 mm diameter. 

The advantages of the sleeves according to the invention are that 
they provide a sheath to improve the surface of the stent and/or to locally 
deliver therapeutic agent(s) to an arterial wall or lumen. The covered 
translumenal prosthesis can be used advantageously in a coronary artery 
30 after an angioplasty procedure but also to Ueat a prostate cancer whereby 
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a chemotherapeutic agent is released directly into the urethra via the 
translumenal prosthesis implanted as an endoluminal prosthesis. Since a 

10 ' 

sleeve according to the present invention is used for delivering the 
therapeutic agentCs) and not the translumenal prosthesis itself the 
5 quantities of therapeutic agent are bigger than can be achieved with a 
15 coated translurr^nal prosthesis. 
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1 . A sleeve for encompassing an expandable device for Introduction 
into a body canal, characterised in that said sleeve is multi-layered and 

5 comprises at least one biocompatible, non-biodegradable elastic polymer 
layer onto which one synthetic, hydrogel Inner layer and/or one synthetic 
hydrogel outer layer Is bound, said hydrogelrnner layer being optionally 
different from said hydrogel outer layer, the nature and thickness of said 
^ biocompatible, non-biodegradable elastic, layer being such that 

to pre-determlned mechanical properties of said sleeve be provided. 

2. A sleeve for encompassing an expandable device for introduction 
into a body canal, characterised in that said sleeve is multi-layered and 
comprises at least one biocompatible, non-btodegradable elastic polymer 
layer onto which at least one synthetic therapeutic agent(s)-containing 

15 hydrogel inner layer and/6r at least one synthetic therapeutic 
^ agenft(s)-containlng hydrogel outer layer is bound, said therapeutic 

agent(s)-contalning hydrogel inner layer t>eing optionally different from said 
therapeutic agent(s)-containing hydrogel outer layer, the nature and 
thidcness of said biocompatible, norhbiodegradable elastic polymer layer 

35 

20 being such that predetermined mechanical properties of said sleeve be 
provided, and the nature and thickness.of said therapeutic 
agent(s)-contalning hydrogel inner and outer layers being such that a 
40 pre-determined rate of release of said therapeutic agent(s) l^e controlled, 

3. The sleeve according to claim 1 or 2, characterised in that said 
25 biocompatible, non-biodegradable elastic polymer layer comprises a 

synthetic material selected from the group cor^slsting of pdyurethane, 

45 

silicone, and latex. 

4. The sleeve accordir^ to any one of daims 1 to 3, characterised in 
that said inner and outer synthetic hydrogel layers independently comprise 

^ 30 at least one hydrophilic polymer selected from the group consisting of 



55 



WO0Q/IS446 



19 



I»CT/EP99/07156 



polyhydroxyethyl methacrylate, polyvinyl alcohol pdyacrylamide. 
porylN-vinylpyrolidone), polyethylene oxide, hydrolysed polyacrylonitrile, 
polyacrylic acid, polymethacrylic acid, polyethylene amine, alginic add, 
pectinic acid, cart)Oxy methyl cellulose, and hyaluronic add. 
5 5. The sleeve according to any one of claims 1 to 4, characterised in 
that the thickness of said biocompatible, non-biodegradable elastic 
polymer layer is between 25 and 60 lun. preferably between 30 and 40 

6. The sleeve according to any one of claims 1 to 4, characterised in 
that the thickness of saki hydrogel inner and outer layers is, in the diy 

10 stale, between 7 and 20 jim . 

7. The sleeve according to any one of claims 2 to 6, characterised in 
that sakJ therapeutk: agent{s)-contafning hydrogel inr>er layer contains one 
or more therapeutic agents capable of treating a disorder of a body flukJ. 

8. The sleeve according to any one of daims 2 to 7. characterised in 
15 that said therapeutic agent(s)-containing hydrogel outer layer contains one 

or more therapeutic agents capable of treating a disorder of a body canal 
vt/alL 

9. The sleeve according to any one of daims 2 to B, characterised in 
that sakI therapeutic agen«s) is (are) selected from the group consisting of 

20 an anticoagulant such as D-Phe-Pro-Arg chlorometiiyl ketone, an RGD 
peptide-containing compound, heparin, an antittirombin compound, a 
platelet receptor antagonist, an anti-thrombin antibody, an anti-platelet 
receptor antibody, aspirin, a prostaglandin mhibilor, a platelet inhibitor, a 
tick anti-platelet peptide, or a combination thereof : a promoter of vascular 

23 cell growtti. such as a growtti fador stimulator, a growtti factor receptor 
agonist, a transcriptional activator, a translational promoter, or a 
combination thereof ; an inhibitor of vascular ceB grovrth, such as a growth 
fador inhibitor, a growtfi factor receptor antagonist a transcriptional 
repressor, a translational repressor, an antisense DNA. an antisense RNA. 

30 a replfcation inhibHor, an inhibitory anaxxJy. an anttoody directed against 
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20 

growth factors, € bifuncttonal molecule consisting of a growth factor and a 
cytotoxtn. and a bifunctionat molecule consisting of an antibody and a 
cytotoxin» or a combination thereof ; a cholesterol-lowering agent, a 
vasodilatir^ agent, an agent which interferes with endogeru>u5 viasoactive 
5 mechanisms, or a combination thereof; or a smooth muscle inhibitor, such 
f5 as an agent which modulates intracellular calcium binding proteins, a 

receptor blocker for contractile agonists, an inhibitor of the 
sodium/hydrogen antiporter, a protease inhibitor, a nitrovasodilator, a 
phosphodiesterase inhibitor, a phenothiazine, a growth factor receptor 
JO agonist, an antimitotic agent, an immunosuppresive agent, a protein kinase 
inhibitor, or a combination thereof; or a combination thereof. 
10. A system for introduction into a body canal, characterised in that it 
comprises an expandable device and a mutthlayered sleeve according to. 
any one of claims 1 to 9. 
IS 11. The system according to claim 10, characterised in that said 
^ expandable devk:e for introduction into a body canal is embedded within 

sakf biocompatible, non-biodegradatTte elastic polymer layer. 

12. The system according to claim 10, characterised in that said 
expandable device for introductnn into a body canal is disposed radially 

35 

20 and internally with respect to sakJ irmer hydrogel layer. 

13. The system according to any one of claims 10 to 12, characterised 
in that said expandatile device for introductton into a body canal is a stent 

40 14. The system according to any one of claims 10 to 13, characterised 

in that it is intended to be introduced into a body canal comprising a canal 
25 wall and a lumen through which a body flukl fk>ws and in that said sleeve 
comprises a therapeutic agent(s)-containing hydrogel inner layer which 
contains one or more therapeutic agents capiable of treating a disorder of 
sakl body fluid, and a therapeutic agent(s)-containing hydrogel outer layer 
which contains one or more therapeutic agents capat>le of treating a 
^ 30 disorder of sakl body canal waR. 
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15. A method of manufacturing a sleeve as claimed in any one of claims 
1 to 9, said method comprising dipping a mandrel successively into 
different solutions in order to build up said layers, said dipped mandrel 
being subject to curing Inbetween each successive dqaping. 
5 16. A method as claimed Bidaim 15 in which said marKfrel is first 

dipped in a polymer sohrtion and thence cured to form said elastic polymer 
layer, thence dipped into a hydrogel solution and thence cured to form a 
hydrogel layer. 

17. A method as claimed iri claim 16 wherein, in order to form said 
]0 polymer layer, multiple dippings into said polymer solution, with curing 

inbetween. are carried out until the desired thickness for the polymer layer 
is achieved. 

1 8. A method as claimed In either one off claims 16 or 1 7 in which, 
following the formation off said hydrogel layer, the sleeve is removed from 

15 the mandrel, turned inside out. and put back again onto the mandrel. 

following vtfhich the coated mandrel is dipped in a hydrogel solution, wfhfch 
may or may not be the same as the first-mentioned hydrogel solution, and 
is then cured. 

19. A method as claimed in daim 18 wherein, after the sleeve has been 
20 replaced on the mandrel after having been turned inskJe out. a stent is 

placed over the mandrel and sleeve prior to the dipping step. 

20. A method as claimed in claim 15 in whfch said mandrel is first 
dipped in a hydrogel sohrtion and thence cured to form a hydrogel layer, is 
then dipped into a polymer solulton and is thence cured to form a polymer 

25 layer and is then dipped* into a hyd'ogei solution which may or may not be 
the same as the nrst-mentfoned hydrogel solutk>n. foUowed by curing. 

21. A method as claimed in claim 20 wherein prior to the first dipping in 
a hydrogel solution, a stent is placed over the mandrel so that said 
hydrogel layer is fonned over the stent and mandrel. 
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